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(54) DEVICE AND METHOD FOR SWITCHING BOOT PROGRAM 

(57)Abstract: 

PURPOSE: To provide a boot program switching device/method which can 
automatically switch plural boot programs without bothering an operator. 
CONSTITUTION: Plural boot programs which boot a CPU 101 are stored in 
the ROM 104a to 104d respectively. The program stored in the ROM 104a is 
used for the ordinary booting operations. When a reset switch 106 is pushed, a 
reset part 102 resets the CPU 101 and also changes the address of the ROM 
to be asserted by an address decoder. Therefore, the internal address of the 
boot program contained in the CPU 101 and the external address of the 



actually corresponding ROM are converted. As a result, the boot program to 
be started is switched. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The boot program transfer device characterized by having a maintenance means to hold two or more 
boot programs for booting CPU, the resetting means which perform compulsive reset of Above CPU, and the 
change means which changes two or more boot programs held at the aforementioned maintenance means to the 
timing of reset by the aforementioned resetting means. 

[Claim 2] It is the boot program transfer device according to claim 1 characterized by one being a fixed boot 
program usually used among two or more boot programs held at the aforementioned maintenance means. 
[Claim 3] The aforementioned change means is a boot program transfer device according to claim 1 
characterized by assigning the physical address in the aforementioned maintenance means to the logical 
address of the boot program in Above CPU. 

[Claim 4] The aforementioned maintenance means is a boot program transfer device according to claim 1 
characterized by being ROM. 

[Claim 5] The aforementioned maintenance means is .a boot program transfer device according to claim 4 which 
are two or more ROMs and is characterized by holding one boot program for every ROM. 
[Claim 6] The aforementioned change means is a boot program transfer device according to claim 5 
characterized by changing two or more boot programs by outputting the signal which specifies ********** of 
two or more aforementioned ROMs, and changing this signal. 

[Claim 7] It is the boot program transfer device according to claim 2 which is equipped with the following and 
characterized by the aforementioned change means assigning the physical address in the aforementioned 
maintenance means to the logical address of the boot program in Above CPU one by one if the physical address 
of the aforementioned fixed boot program will be assigned to the logical address of the boot program in Above 
CPU if the fall of supply voltage is detected by the aforementioned voltage surveillance means, and Above CPU 
is reset from the aforementioned resetting means. Furthermore, an electric power supply means to supply power 
to Above CPU. A voltage surveillance means to supervise the supply voltage by the aforementioned electric 
power supply means. 

[Claim 8] Furthermore, the boot program transfer device according to claim 1 characterized by resetting Above 
CPU by the aforementioned resetting means when it is judged that it has a time [ to measure the elapsed time 
after Above CPU is reset ] measurement means, and a judgment means to judge whether Above CPU was 
booted normally, and Above CPU was not normally booted by the aforementioned judgment means within the 
predetermined time. 

[Claim 9] Furthermore, the boot program transfer device according to claim 1 characterized by resetting Above 
CPU by the aforementioned resetting means when it has a surveillance means to supervise the procedure in 
which Above CPU is booted normally and the aforementioned procedure is judged not to be equal to a 
predetermined procedure by the aforementioned surveillance means. 

[Claim 10] Furthermore, the boot program transfer device according to claim 9 characterized by resetting Above 
CPU by the aforementioned resetting means when the procedure in which have a selection means to choose 
the aforementioned boot program, and Above CPU was normally booted by the aforementioned surveillance 
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means is judged not to be equal to the procedure of the boot by the boot program chosen with the 
aforementioned selection means. 

[Claim 11] The boot program change method characterized by changing two or more aforementioned boot 
programs to the timing holding two or more boot programs for booting CPU by which forcible reset of the above 
CPU was carried out 

[Claim 12] It is the boot program change method according to claim 1 1 characterized by one being a fixed boot 
program usually used among two or more aforementioned boot programs. 

[Claim 13] The boot program change method according to claim 11 characterized by changing two or more 
aforementioned boot programs by assigning the physical address in the aforementioned maintenance means to 
the logical address field of the boot program in Above CPU. 

[Claim 14] Furthermore, the boot program change method according to claim 12 characterized by assigning the 
physical address in the aforementioned maintenance means to the logical address of the boot program in Above 
CPU one by one if the physical address of the aforementioned fixed boot program will be assigned to the logical 
address of the boot program in Above CPU if the electric power supply to Above CPU is supervised and the fall 
of the supply voltage to Above CPU is detected, and Above CPU is reset from the aforementioned resetting 
means. 

[Claim 15] Furthermore, the boot program change method according to claim 11 characterized by resetting 
Above CPU by the aforementioned resetting means when it does not boot normally within a predetermined time, 
after Above CPU was reset. 

[Claim 16] Furthermore, the boot program change method according to claim 11 characterized by resetting 
Above CPU by the aforementioned resetting means when the procedure in which Above CPU is booted normally 
is supervised and the aforementioned procedure is judged not to be equal to a predetermined procedure. 
[Claim 17] Furthermore, the boot program change method according to claim 16 characterized by resetting 
Above CPU by the aforementioned resetting means when the procedure in which chose the aforementioned 
boot program and Above CPU was booted normally is judged not to be equal to the procedure of the boot by 
the boot program by which selection was carried out [ aforementioned ]. 



TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] However, when the CPU system is equipped with two or more boot 
programs, the usual boot program is destroyed, and when it must boot by the boot program in another program 
ROM field and makes a boot program into the method of a change, it is necessary to change the map of the 
address bus of CPU on hardware. For that the complicated operation of changing the switch on a substrate etc. 
is required, and possibility that a failure will occur in an unfamiliar operator especially is also high. Moreover, it 
becomes still more complicated operating it in using it changing three or more sorts of boot programs. 
[0004] It aims at offering automatically the boot program transfer device which can be changed, and its method, 
without being made in order that this invention may solve the technical problem mentioned above, and troubling 
an operator's hand for two or more boot programs. 



[0015] 

[Function] By the above composition, when the boot program of CPU needs to be changed, within equipment 
the boot program which is outside the usual field automatically can be detected, and can be operated. 
[0016] 

[Example] Hereafter, one example concerning this invention is explained in detail with reference to a drawing. 
[0017] It is drawing showing the composition of the boot program transfer device of CPU in this example in <1st 
example> drawing 1 . In addition, other composition, such as RAM which has extracted only the composition 
related to this example in drawing 1 , for example, serves as a working area of CPU, may be added. 
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[0018] In drawing 1 , CPU101 is started from the boot program stored in Programs (ROM is called hereafter) 
104a-ROMs 104d. The address of a boot program is connected by the low rank of an address signal 108 in 
ROMs 104a-104d. In addition, the address signal 108 shall show the address (boot address) of the boot program 
actually booted. 

[0019] An address decoder 103 decodes the high order of an address signal 108, and generates chip select 
signals 1 12a- 1 1 2d. The lot which forms any one [ ROMs / 104a-104d ] or the access unit of a data bus in case 
CPU101 accesses is selected by chip select signals 112a-112d. For example, ROM104a is selected by chip 
select signal 112a. In addition, in this example, the boot program which CPU101 shall usually start operation by 
the boot program in ROM104a for example, at the time of a power supply ON, and is hereafter stored in 
ROM104a is called a "fixed program." 

[0020] The reset section 102 generates the reset pulse of predetermined width of face, when supply voltage and 
a reset switch 106 are supervised and the time of a supply voltage fall or a reset switch 106 is operated This 
reset signal acts as the CPU reset signal 109 and address decoder reset signals 110 and 1 1 which control the 
chip select of an address decoder 103. The address decoder reset signal 110 is a reset signal generated by 
power supply surveillance, and the address decoder reset signal 111 is a reset signal at the time of operating a 
reset switch 106. 

[0021] At the time of the usual power supply ON, the reset section 102 generates the CPU reset signal 109 and 
the address decoder reset signal 110. When the address decoder reset signal 110 occurs and CPU 101 reboots, 
an address decoder 103 decodes the address signal 108 which CPU101 outputted as it is, and generates chip 
select signals 1 12a-1 12d. Here, the ROMs [ 104a-104d ] address presupposes that the map is carried out to 
order from "0" in the order of ROM104a, ROM104b, ROM104c, and ROM104d. Then, usually, since CPU101 is 
accessed and boots from address = "0", immediately after boot by asserting chip select signal 1 12a, namely, 
choosing ROM104a, a fixed program is started and the usual boot operation is performed. 

[0022] On the other hand, when a reset switch 106 is operated, the reset section 102 generates the CPU reset 
signal 109 and the address decoder reset signal 111. This reboots CPU101 like the time of the power supply ON 
mentioned above. However, in this case, an address decoder 103 changes the address which CPU101 generates, 
and generates chip select signal 112of ROM104b by which map is carried out to degree of usual boot ROM 104a 
b. Thereby, CPU101 tries operation by other boot programs other than the usual boot program. 
[0023] As explained above, whenever the address decoder reset signal 111 occurs by operating a reset switch 
106, an address decoder 103 changes the chip select signals 112a-112d of the boot address one by one, and 
goes. 

[0024] In drawing 1 , 105 is the normal boot Monitoring Department and is connected with the I/O Port of 
CPU 101 etc. The normal boot Monitoring Department 105 supervises whether CPU 101 accessed the normal 
boot Monitoring Department 105 by software operation of a predetermined procedure immediately after boot of 
CPU101. And it reports to an operator whether CPU101 booted normally by operating flicker of display Light 
Emitting Diode 107 corresponding to it. An operator will do the depression of the reset switch 106, if it 
recognizes that CPU 101 did not boot normally. Then, an address decoder 103 changes a boot program field 
(ROMs 104a-104d) by changing chip select signals 112a~112d, as mentioned above corresponding to operation 
of a reset switch. That is, a ROMs [ 104a-104d ] physical address is assigned to the logical address of the boot 
program in CPU 101 one by one. 

[0025] Hereafter, the detailed composition of the reset section 102 and an address decoder 103 is shown in 
drawing 2 . In drawing 2 , the same number is given to the same component as drawing 1 mentioned above, and 
explanation is omitted. 

[0026] In drawing 2 , the reset section 102 consists of the power supply Monitoring Department 201, the switch 
reset section 202, and the OR gate 203. The power supply Monitoring Department 201 generates the negative 
reset pulse of a predetermined time as an address decoder reset signal 110, when the time of a power supply 
ON and supply voltage fall from a predetermined value. Similarly, the reset switch section 202 shall generate the 
negative reset pulse of a predetermined time as an address decoder reset signal 111, when a reset switch 106 is 
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operated. The OR gate 203 takes the OR of the address decoder reset signal 1 10,1 1 1, and generates the reset 
signal 109 which resets CPU101. 

[0027] On the other hand, an address decoder 103 consists of a counter 204, a decoder 205, and the gate 
section 206. Here, a counter 204 has the counted value of 2 bits, and a decoder 205 assumes that it is a 2-bft 
decoder. A decoder 205 asserts either of the 4-bit outputs according to the output of a counter 204. Moreover, 
the gate section 206 asserts chip select signals [ 1 12a-112d ] either according to the address signal 108 
inputted from CPU101. 

[0028] The timing chart of each signal in drawing 2 is shown in drawing 3 . Suppose that the power supply was 
changed from OFF to ON in the zero in the timing chart shown in drawing 3 . Then, as for the power supply 
surveillance reset signal 1 10, only a predetermined time generates a negative pulse from the time of supply 
voltage going up and reaching predetermined voltage. Then, CPU101 is booted and starts operation from the 
predetermined program address. In addition, the chip select signal of ROM104a which the predetermined 
program address is the address "0" and is usually equivalent to the address "0" is 1 12a. 
[0029] A reset signal 110 clears a counter 204, sets the output signal 207 from a counter 204 to "0", and 
asserts 208a among the output signals of a decoder 205. 

[0030] When CPU101 does not boot immediately after a power supply ON and within a predetermined time, an 
operator detects it by Light Emitting Diode107, and operates a reset switch 106. Then, the switch reset section 
202 generates the negative pulse of predetermined time width of face in the address decoder reset signal 111, 
and this is inputted into the clock of a counter 204 and counts up a counter 204 while it boots CPU101 through 
a reset signal 109. 

[0031] According to the output 207 counted up in the counter 204, a decoder 205 asserts the output. That is, 
as shown in drawing 3 , when the counter output 207 is "0", a decoder 205 asserts output 208a, and when the 
counter output 207 is "1", output 208b is asserted. Similarly, 208d will be asserted, if the counter output 207 is 
"3" and it is output 208c and "4." 

[0032] And in the gate section 206, chip select signals [ 1 12a-112d ] either is asserted according to the output 
207 from the address signal 108 inputted from CPU 101, and a counter 204. For example, if output 208a of a 
decoder 205 is "1", when an address signal 108 is "0", chip select signal 112a is asserted as an output from the 
gate section 206. Moreover, when an address signal 108 is "1" and chip select signal 112b is [ address signals 
108 ] "2" and "3" at this time, chip select signals 112c and 11 2d are asserted, respectively. This is equivalent 
to normal ROM access in the state of normal boot 

[0033] Moreover, when output 208b of a decoder 205 is "l", chip select signal 1 12b is asserted in the state of 
"0" at the time 108 of boot, i.e., an address signal. When output 208c of a decoder 205 or 208d are "1 " similarly, 
an address signal 108 asserts chip select signals 112c and 1 1 2d at the time of boot of "0." 
[0034] Thus, according to the output 207 counted in the counter 204, it changes to chip select signals 1 12b, 
112c, and 11 2d one by one sequentially from chip select signal 1 12a corresponding to the address "0." 
[0035] The storing address of a boot program can be changed one by one until CPU is booted in a 
predetermined time according to this example, as explained above. Therefore, starting from other boot programs 
can be performed, without performing complicated operation. 

[0036] In addition, although this example explained the case where the fixed boot program was stored in 
ROM104a, this invention is good also considering the boot program which is not restricted to this example and 
stored in which ROM as a fixed program. In this case, what is necessary is just to change the composition of the 
gate section 206 shown in drawing 2 so that the chip select signal asserted when an address signal 108 is "0" 
may become in addition to 112a. 

[0037] Moreover, although the case where ROM which stores a boot program was plurality was explained, a boot 
program may be stored in two or more addresses different, for example within single ROM, and you may 
constitute so that a physical address map in case the address signal 108 from CPU is "0" may be changed 
according to the counter output 207. 

[0038] The 2nd example concerning this invention is explained below the <2nd exampleX 
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[0039] The composition of the boot program transfer device of CPU in the 2nd example is shown in drawing 4 . 
In drawing 4 , the same number is attached about the same composition as drawing 1 in the 1st example 
mentioned above, and explanation is omitted. 

[0040] In the 2nd example, CPU401 builds in the watchdog timer 403. Here, a watchdog timer 403 is a timer 
which operates with the clock of CPU401 . A watchdog timer 403 outputs a reset signal 1 1 1 while it judges it as 
a CPU overrun and resets operation of CPU401, when reset by software operation is not performed within a 
predetermined time. 

[0041] Although the reset section 402 supervises supply voltage and a reset switch 106 like the reset section 

102 shown in drawing 2 mentioned above, it is characterized by having not separated both output 

[0042] In the 2nd example, it clears the counter 204 of the address decoder 103 interior while making CPU401 

reset and boot like the 1st example mentioned above immediately after a power supply ON. 

[0043] Moreover, a watchdog timer 403 generates a reset signal 111, and counts up the counter 204 of an 

address decoder 103 while it resets CPU401, when not reset in a predetermined time. And when it does not 

boot normally by ROM selected as a result, a watchdog timer 403 continues outputting a reset signal 1 1 1 at 

intervals of a predetermined time, and an address decoder 103 changes selection of ROMs 104a-104d, and it 

detects automatically the program ROM booted normally. 

[0044] If it cannot boot after pre determined-time progress according to the 2nd example even if there is no 
depression of the reset switch by the operator as explained above, it can change to the address in which the 
following boot program is stored automatically. 

[0045] The 3rd example concerning this invention is explained below the <3rd exampleX 

[0046] The composition of the boot address translation section of CPU in the 3rd example is shown in drawing 
5 . In drawing 5 , the same number is attached about the same composition as drawing 1 in the 1st example 
mentioned above, and explanation is omitted. 

[0047] In the 3rd example, it is characterized by having the effect which combined the 1st example and the 2nd 
example which were mentioned above. 

[0048] In drawing 5 , the normal boot Monitoring Department 501 supervises access in the predetermined 
procedure of CPU101 within the predetermined time immediately after boot of CPU101 with a timer 502. And 
from CPU101, when there is no access with a predetermined procedure, it judges that it is a CPU overrun, and a 
reset signal is generated. This reset signal is compounded with the signal from a reset switch 106 at the gate 
503, and is inputted into the reset section 102. 

[0049] In the reset section 102, whenever the normal boot Monitoring Department 501 generates a reset signal, 
a reset signal 1 1 1 is generated, and the counter 204 of the address decoder 103 interior is counted up. This 
searches the boot program booted normally with the time interval set up with the timer 502 like the 2nd example 
mentioned above. 

[0050] If it cannot boot after predetermined-time progress according to the 3rd example even if there is a 
depression of the reset switch by the operator or there is no depression of a reset switch by combining the 1st 
example and the 2nd example which were mentioned above as explained above, it can change to the address in 
which the following boot program is stored. 

[0051] The 4th example concerning this invention is explained below the <4th exampleX 
[0052] The composition of the boot program transfer device of CPU in the 4th example is shown in drawing 6 . 
In drawing 6 , the same number is attached about the same composition as drawing 1 in the 1st example 
mentioned above, and explanation is omitted. 

[0053] In drawing 6 , it is the boot program selecting switch 601, and an operator can choose a boot program, 
the access method to the boot program chosen by the boot program selecting switch 601 is boiled in the normal 
boot Monitoring Department 501, and it has it as an access pattern table beforehand Although the normal boot 
Monitoring Department 501 detects the existence of access of a predetermined procedure from CPU101 within 
an after [ boot ] predetermined time like the 3rd example mentioned above, whether it is the access pattern 
with which the access method from CPU 101 was chosen by the boot program selecting switch 601 detects it 
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further. 

[0054] When it is judged at the normal boot Monitoring Department 501 that normal access was not performed 
from CPU 101 (for example, when different access from the access method chosen by the boot program 
selecting switch 601 is performed), the normal boot Monitoring Department 501 chooses ROM by which the 
following boot program is stored in the OR gate 503 like the 3rd example which generated the reset signal and 
was mentioned above. 

[0055] As explained above, according to the 4th example, arbitrary boot programs can be easily operated by 
memorizing the access pattern which discriminates it for every boot program beforehand. 
[0056] In addition, in the 1st - the 4th example which were mentioned above, although the example the number 
of boot programs is [ example ] four was explained, this invention can be applied, when not this limitation but 
two or more boot programs exist, of course. 

[0057] In addition, even if it applies this invention to the system which consists of two or more devices, you may 
apply it to the equipment which consists of one device. Moreover, this invention cannot be overemphasized by 
that it can apply when attained by supplying a program to a system or equipment 
[0058] 

[Effect of the Invention] It becomes possible to change a boot program field, without performing complicated 
operation in a CPU system with two or more boot program fields according to this invention, as explained above. 
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63fSB#PfllUrt5CiE*CC^- F ^tl^^o/c^, huIB 
y-b* F^ecc<fcOaalBCPU^';-fe^ K6Ci^ 
ai-T^iB^rai 1 IBKOy- F^n^AMi^ 

So 

[19*3116] fjlBCPU^iE^tC^- F3tl 

MIEU-te ^ F^©(Cj:9fflBCPU^ Vte-v FT5C£ 
€r«M»£-T 519*11 lfiB«0^-F^n^^AttlS^ 

[19*11 7] JECC. fulB^- F^D^A^ilR 

huIBC P U^iESCcy^ F 3 tifc*«3W»Ea«3tlfc 
^- F^p^^acc^^^- FcD^JBtcl?L/< ftl^£W 

K?nfc«^ »3B';-fe» F^tc^r^Suiecpu^'; 

•fe-v Ff 5 C£^:1tm£-r 519*11 BiBttO^-F^ 
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[0 0 0 1 ] 
[0 00 2] 

^hyD^AIJ, 7'D^7AROMWrt-C, CP 10 

uoy- ft Kuxi trills nfcW5EO—ttWfic*j 
^nrt^c B ^or v monbjwi^cpu^^ 

&C£KJ:^ CPU«M^*H*&U-Cl^ Q 
[0 0 0 3] 

[»W3&s»i»0<fc5i*r-5»IH] Lfrlsft&b. CPU 
f 3t§^cii> CPUOT FUX^07 7^- F 

[0 004] *^liJj|U/>:«jB*jBfttSfc«>tCtt 
[0 0 0 5] 

uftt&unmzt. sutecpuo^sijij-iz ^ h^f^ 

[0 0 0 6] W*tf, WE«}#*iace:^FS4ifc8BBc(D 
- F^0^5Araa£±£#»<LT*. 

[0 00 7] «*tf , OT2tt»#a», sytac P utc* 

lt^7'- h7'P AOf&IiT F UX«glSfiCfi98E«J#* 
[0 00 8] Wittf, MEKJ#*i8ttROMT?&£C i 

**s«£ts. 50 
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[0 009] PiUtf, fftS«f#*ia««aaOROM"C* 

[0010] WAtf . BUlS^^^iaiJ, SulEffi^OR 
0ii^Citci:0S»7'-h7 , D^7A^0ix. 
[0011] mcc, ffi2CPUic«^r^tt^-r5«*« 

*I#Stc j: 0 fitt&mff OfiT3W««U 3 ii £ <b BiffE C P U 

CCfctf&y- F^'P ^AOf&JIT FUX&CBUlBK^^ 

F3M3J: 0 SuIEC PUAi 'J -fe * F 3ft£ ifjfgC P UCC 
tetf h?"a^ACDi&i!7 fuxscbu IB«^*I9: 

[0012] W>^ fjieC PU^'it ^ YZtiXti»h<D 

cc^- f zntcfr&frzmmTzmm^mtzmL* m 
ewns*a«cj: osinec p u^SK«JWrtcciE»6c^ 

[0 0 13]!^ fylECPU^IE^c:/-- F3*i£^ 

saaa^s** u «rsaR»*«cc j: g tuts 

#«^g©^IBCC*U< ai^*IBr3ti/t«^, Bute 
U-fev F^SCC<fc9H9i2CPU^:';-fe^ ht^Ct^ 

[0014] MCC, falS?*- F 7*P #5 A£iStRT<5iS 
t^MWl, SutEKS^Ka: J: 0 HulfiC P U*SjE»«: 

y- f snfc^ja^fiieaw^sratRS n/t^- f ^ 

P^^AWS^- F<D*JBCc*l/< ftliitiJIKStifc 
filEU^ F4MWc<J:9fuiECPU*:»;-fev FT 

[0015] 

[ffiffl] «±CD«fi£CCj:0, CPU07*-h7 p P^7A 
[0016] 

[ooi7]<»i *i6W>ia i **«swtc*jws 

CPUCD^-F^D ^7A^^.^(D«lS^Tit 

i/ r te o , macpu (ormmm iwRAM 

[0 0 1 8 ] m 1 CC*5l>T, CPU 1 0 1 (^'P^A 
ROM («T, ROMi^t^) 1 04a-l 0 4dCC 
*Stt34l/>:^- F^P^A<fc0iB»3n^. ROM1 



5 

0 4 a— 1 0 4 cKCtel^T, h7'D^7 ACDT F U 
X&7 FUXif-^1 0 8QTfiSCcfc9gi^*l& 0 ft. 

r F't-xft-sfi o s«\ HBtfc::/- F hy'u 

^7AC07Fl/X (y-hTFbX) £^bTl>££>CD 

[001917 FUX^rP-^l 0 3(1 T FUXff-^ 

1 0 8 0±{4£t^~- f-X. ^-j^U^hg#112 

a-n 2d^sts. cpu i o l^r^x-r^ 

RgiCROM 1 0 4 a- 1 0 4 dOOfn^ 1 

■feU^Mf-^l 12a-l 12d-C-feb^ h3ft& 0 M 
T^^-feL^ 1 2 aCCcfc^ROMl 04 

a^-feb^ F2ft&., ft v *HJjgfW6C*5lriTK, 
WAtf««ONWFtc«ROM 1 0 4 a Scab*:/- F^'p 
y^AJC<fc*)CPU 1 0 1 

kTF> R OM 1 0 4 a JcM^ntC^T'- h 7'o ^7 
[0 0 2 0] 'Jt7hSl02tt, ^K^ffiRtf'J -te ^ 

(DV-bv h^^X^r^-r-So COU -fe * FfI#l*C P 
U'J-fe^ Ffl#l 0 9. &t>'7 F UXf^-^l 0 3 CD 
^^y-feU^ bZffl'&T&T FbXf^-^'Jt^ Fit 
#110. 1 liOtffffltS, TFUXf^-^y-fe 
•> F ft# 1 1 0 ttmffiKacc J: 0 & y "fe * F ft-^r 

7FUXf3-^'J-fe^ Fff-^1 1 HJ'J-fe^ 
FX-{7fl 06 ^Ul^if^O U -fe -j> Ml #r $> 

[0 0 2 1 ] il^CDm^ONBSCCtJ. »Jt7F^10 2 
UCPU y-fe^ hft-^l 0 QJ&lfT Fl/Xf^-^'i-fe 30 
* Fff-^1 1 0^4T5. 7 FU^f^-^'V^f F 
d# 1 1 O^tl, CPU 1 0 lifiV7~ Flfc*^ 
CC, r KUXfa-j^l 0 3BCPU 1 0 1 Offi^L/c 
7KUXfI#l 0 B«0*$f3- Flt^^-bU 
^ Fff-^1 1 2 a- 1 12 d££fe£T*. CCt\ RO 
M104a-104dO7FbX^ ROM104a, 
ROM104b, ROM104C R OM 1 0 4 d CD JIB 

Scpuioni7Fux= ro j ^e>7^^ir^ 

-Ft^m ^Fif^^^7'-fel/^F{f^l 1 2 40 
a*ST"F-F3*u EP^ROMl 0 4 aifiMIRZtiZC 

[0 0 2 21 -J, U-fey FX-f 1 0 6dSJH^$tl 
/ci^Cfct, i/-fe^ FSP 1 02ttCPU»;-b7 Fff-^1 
0 9M7 FUXf^-^'Jt^ Fif^l 1 1 
5o CtitCj:DCPU 1 0 1 «±acfcm«ONWpil5l 
«tc;:/- FT*. LfrLtatffc. C0^7 FUXr 

n-^i 0 3»cpu 1 0 1 *ij64T4r Fuxtsem 

l/t\ F ROM 1 0 4 aO&tCV^T/StlT 50 
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C^ROMl 0 4b©^^^HrU^FlB#l 12b^M 

£TSo cnccj:^. cpu 1 0 1 temi£<Dzf~ f?'p 
^^A^otecD^- F^P^^Atcjr^ibf^^ 

[0 0 2 3 ] feLtMW L/fcJ: 5 5C. 'J-fe-.FX^^l 

0 6^(mctJCj:07FUX?3-^';^7 Fff 
#1 1 1 2>mc, 7FUXfn-^10 3U^ 
-FTFUXO^-^'tL/^ Fff^l 1 2 a - 1 1 2 d 

[oo24iii k*h*t 1 0 5 tiiES^- HEaarc 

£>9, C P U 1 0 1 O I /04<- Ff ili^titl^ 
& 0 jE^^- FffitlSBl 0 55i, CPU10 1O^-F 
H^CC, C PU 1 0 1 *s^O^HKOV7 F ^TtftflE 
riB*^- Fffia«P 1 0 5 K7 * -feX Ofc*iS3?P^Kta 
fit, ^tifiC*tJCEura^LED 1 OTOH^irt 
^a^TSCitcJ:*). CPU 1 0 1 tfiEfittc:/- F 0 
fc*>5*>*»ff*«:«jEDr^. »f¥*»CPU 1 0 1 ffi 

-(7^10 6£fflTT& 0 T FUXf^-^1 

03iJ'j^7 FXY ^^oa^6C5»l6or±5EU^:J:^ 
CC^*?'-feb£ Hf^l 1 2a— 1 1 2d^0tx4 
CiCC^O. ^F7'P^7Aii(ROM104a- 

1 0 4 d ) £^9§x.£o fiPt>, CPU 1 0 1 tCfcG** 
zf— F?*P ^AOf&JlT FUXtC. ROM104a- 
1 0 4 d O^Iir F U X^rjfi^fiJ 

[0 0 2 5 ] feTF, H2CC'J-fe^ FBP1 0 2M7 Fb 
X^p-#1 0 3CDf¥^J&£^To H2tC*5t»T fc _h 

[0 0 2 6 ] H2CC4»0ir, 'J -fe y FSS1 02liliS 
ffig|J2 0 1 £X-f **y-fe* F3P2 0 2, STOR^- 
F 2 0 3 ttf^J&S. ®BiEtaW2 0 1 TOBiONB$ 

io'it-; F^vi/x^r Fbxf^-^n^ Fft#i 

lOiUt^fS. IHItlCC. U tey FX-f y^SP2 0 

2tj»;t y fx-t 1 0 6^^^nfcia^&c, mm 

BSRKDfiO'Jt-y F^'^X^rT Fl^Xfn-^'j-fe-; F 
fS#l 1 1 iir^4t-5fe©i-r* B ORy- F2 0 
T KUXfa-^'i-b? Fff-^l 10, 1 1 1 CO 

i^iifa^cbD, cpu 1 0 i*y-fe* FT^y-fe^ Fff 

[0 0 2 7 ]-^ 7FbXrn-^10 3tl ^?^7> 
^2 04, f^-^2 05, y- F^2 0 6 
€>o CCt, *^>^2 0 4«2 tf^ FO*^> Fffl€ 
mL. 7?-#2 0 5«2 tTty FCD^n-^r^^iiS 
IT^ 0 r^-^'2 0 5(t *^>^2 0 4OtH*tC|£ 

ct4t:7 Fffl*cDii-rn^rif- f-ts. y 

- F pP2 0 6IJCPU 1 0 1 ^6A#3ft£T FbXff 
#1 0 8(cSi;t, ^^v'-feb^ Fff^l 12a-l 1 
2d0C^n^7^-Ft-So 
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T££, ttaKftiJ-tr? Fff-^1 1 Ott. *S«EE 
<DJ*JlsZ%ft&T&. C(Df& CPUI01 F* 

T FUX TO j {CftStSROM 1 04a(Df 
•^-feb^ Fff-^ii 1 1 2 ar&£ 0 10 
[0 0 2 9 ] O-bv 1 0», #^>#204£ 

^'jrit, il^y$2 0 4^60ffl*ff-^2 0 7£ 

rojcccr. o 5 ©a^ft^-o^ 20 

8 a*7if- Ft*. 

[0 0 3 0 ] «»ONOi« v BfffifiFlB«rtCCC P u 1 

0 1 asy- h tftfl^fctL EDI 0 7 r-ett 

X -{ 7 ? 'J -fe 7 h 0 2 (ST F f n - ^' 'J t 

ttitt'J-fesr HfB#l 09^ltCPU 1 0 1 20 
hf^ii^^C, 2 0 40^0 2P 2tCA3)$ti 

r^^>^204€r^^>hr^ ^T*. 
[003 1]*7^>£20 4CC*5l>raS> h 7 

ftfcffl;fr2o Tfaecr, r^-^2 o su^omtiz 

2 0 7^ f 0 J r&^i^iUSr^-:^ 0 5&Jtitf}2 
08a£71f-FU £B;ft2 0 7 # f l j 

S»6KBffl*2 0 8 b&TV- h"TSo PHiic, 
>£to*j2 0 7#i r 3 J -C*tltftH^2 0 8 c, Uj 
r&*l(£2 0 8 h£tlZ> 0 30 

[0 0 3 2 ] f y- FSB2 06iCtel>T, CPU 

1 o ia>e>A;fr<**i£7 Fuxfi-^i 0 8M*^>$ 

2 0 4^6(Dffi^>2 0 7CCJ[£;cr, 7- ^ 7' Hz U * Hf# 

1 1 2 a - 1 1 2 dO^-Tn^^TIf- F Wx. 

tf, r^-zz o 5cDtb^2 o 8 a a* r i j -e&tu*. 
r Kuxft-^i 0 8^ ro j r&sw&ccfcty- HSP2 

tT-FStl*. 7 FUXff-^ 1 0 8£S 

r i j -ctozmsicurvy'-kis* Mf-^i i2b^ 
7 Fuxfi#i o 8 as r 2 j rcjp r 3 j -e&£t§^c 40 

IJ, frtl^ti* v y-fe U £ Fff # 1 1 2 c . 1 1 2 d # 
7-F-h2ft6„ C^tiiEm^- Ftt«-CjE*&ROM 
7*-fe;uc*B^T&. 

[0 0 3 3] $/c. xn-£*2 0 5CDfctJ^2 0 8 b& 

ri j r**»^B^- fh#, EP^rKu^i0 8 
as ro j QtK^-c^y-fei^ hft-^i 1 2 b&rir- 

Ft^ 0 fetfi&t^-^ 0 5CDUW72 0 8 c t> 1/ < EJ 

2 0 8 d# r 1 j r£>£t§-£CU^ T FUXfl^ 1 0 8 
as r 0 J (0 7- FB$Ct^:7'-feU£ Ffl#l 12 c. 1 

1 2 d£71f- FfS 0 50 
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[0 0 34] CO^^CC. #^>22 0 4&C*5t>T#^ 
>h$tl/cffi^2 0 7CCJCBD-C, 7FI/X T0j Cc*H£ 

*Ht-^112b. 112c, 1 12di, IRftfflQS 

[0 0 3 5 ] «±SiW Ufc«fiC*HS6Wc C P 

uaswsSRflrttc:/- h3n*$-c:r- f-zp^ao 

[0036]jS, **WW"CttK5g^- F A as 

ROM 1 0 4 a^Srt^ntl^^Kot^^^f 

ROMtcfeWStvCl**:/- F 7'a^7A^f7'p^ 

6(D«ia£, r Fbx^t#i o 8 as roj -c&£fci^e 
rt-F^n^f 77'-feb^ hm-^asi i 2 ajyj*cctt 

[0 0 37] ^F7'P^A^T^ROM 
CDROMrt-CM^SStiOr FUXtcy- F7'ny7A 

Fuxft^i o 8 as r o j -v$>^m^<D^mr fw? 

[0 0 3 8 ] <®2*j6feW>JWT, ^Wfrdft-6^2 31 
[0 0 3 9 1 14^, H2H«feWc46^^CPUCD^- 

[0 040 1 ^2^1^1^^ CPU40 1im 
F y y^-i^A 0 3 5i, CPU40 KD^d-v^t 

is. m&nmxn^c v7F^x t»^&c j: syt-^ as 

0 i oshf^^';-fe >7 hT^iife^c, y-iz* m#i i 

1 €rffl^T^ 0 

[0 04 1] ';-fe-y FSI54 0 2 ». ±a5L^c^2CC^O 
1/ -fe h SP 1 0 2 tplfilicm^mJES:^ V^vYH 

[0 042] ^2HHSWCC*jc^rC3:, «WONjl»»± 
JSL//t»l3lftWtllia5CCPU4 0 l^'J-fe^Flt 

[0 04 3 ] ^fc, -)^7f F7y^-f7403^ m 
SWfMrtCC 'J -fe ^ he nttl»ti-&CCC P U 4 0 1 £ l> -fe 
^FT^iifeJC, g Hz^ Ffg#l 1 1 7 
FU^f^-^1 0 3^^>$2 0 4^/7»)>F7 7 
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TKUXrn-^l 03BROM1 0 4a— 1 0 4d<D 

[0 0 4 4] «±5ft^Lfe<fc^tc^2JB56Wtcj:47«, 
«fflffift««cy- HTSPttWtitf. aUiWJC^©^- h 

yDy7A^tt»$nri^r Fuxsc^gx.&c£ 10 
[0 0 4 5] <*3«wi>£TF. **wtc*4ar3^ 

[OO4 6]05&C, S3Hi6WltC48^-5CPUO^- 

[o 0 4 7] msmmtocte^xiz. iMbtcmmtk 

MiT^ 20 

[0 0 4 8] 0 5&c*>l>T\ JE&rf- hSH&SBB 0 Hi 
^-{7502tCPU101 Q^- h a»<o3T^B#raiy 
F^C. CPU 1 0 1 3&>6©RFf3EO^B-rr f-bXSrffia 

-T£ 0 cpu i o i ^6^o^ja-ccDr ^-fe 

fi-^£#s£-t& 0 is H2 v m#»y- h 5 0 3 -c »; -t 

y hXW ^ 1 0 6*>6(Dff^£^J&2*V 'Jt^FS 
1 0 2iCA*>;*tt£. 

[0049] y -fe * hSB 1 0 2 -ctt, iE^^- h^msp 

1 1 rFl/^fP-yi 0 3|*}S|SO*7^> 

[0 0 5 0] aJJttlll/3ffcJ:5ec»3Safc«tc<fc47tf. 

±» iytcm 1 njswfacfw 2 je»«*ffl*-&t>i±s c t 

ted: D , tSfpgCC J: 5 'J Hz ^ h X ^ ^OWTA*** 

[0 0 5 1 ] <»4WtW>aT, *«IBCC»-5»4* 
[0 0 5 2] 06&C, »4HS6ffiJtC*5WSCPU<D^- 

[0 0 5 3 ] ^6(^C*5C^r^, -J- h y^AjllRX 
-(7^601^ »fp#*s^- h?'P^A£j§iRT& 
CiOT*5. ^- h^'P ^5 AiilRX^ ^6 0 1 r 
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hKta3B5 o i rtrcc. ^i&T^-fex^*-:^- 
(ccpui o lfrbmm^m&Tztxommzmm'? 

MCC. C PU 1 0 1 £>6<DT ^-feX^llg^^- h 

[o o 54] iEi%7- hStagps o i«:*jt,»r. cpu 
i o i^6jE^ttr^42^Wft>na^ofcih*ijK3n 

£t§-£\ ^h^u^7AijRX-Y7f 60 1 

■caiR 3 tl tc T >? Hr X ^JIB £ J£ ft £ T 5 -fe X #tf *> tl 3ffc 
»^ J£%-7- hKSSl$5 0 1 ttORV- h 5 0 3-v»; 

[0 0 5 5 ] H±»9Bl/fcJ: j 5tc»4jBli««:j:ntf, 

h^p j+mc^tizmBiiTZT p-kxrt* 

[0 0 5 6 ]ft ±aU/cSl-f4H]SIW^l^ 
{2. h^P^^A^4o-C^-S^J^o^-CISB^^rtf 

[0 0 5 7 ]^ &§Zm*. mk<DW&frhffi$LZfth 

7A^M1"5 c iced: or*«c3tiS«^ccfeaffl-c 

[0 0 5 8 ] 
[0 0 5 9 ] 

[HI ] **W«C*^— ^«Wc*5WSCPU(Dy- h 
[02] *jBfcW«C*jG*« V-kv l^mj^T Fl/Xf^ 

[03] #mmm<o*)*.v WMrFuxfn-^c 

[04] *^{C«-5ll2ieSfeWfrC*5^^CPUO^- 

^•p^^A^jgiggoK^^^P ^ ^ir$> 

[0 5] ^m^^m^m3mmm^v)^cpu<D^- 
h 7*p ^ 7 A5igx.sioM^^-r ^p ^ ^a-c* 

[0 6] *^5C»5^4^]!teWC*5^*CPU(D^- 

[flHtota^] 
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1 0 4,4 0 1 CPU 
10 2 V-te y hSB 
103 TFUXf^-^ 
104a-104d ROM 

105, 501 tmm 

1 0 6,40 2 tj-fe y b*-< y* % * 
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2 0 2 *-f v^';H2^ hSS 
2 0 4 #^7>£ 
205 irn-^ 
2 0 6 ^-h95 

6 0 1 3/- h y'U 9=? AiliRX ? * 



[mi ] 



107 



105 



Mat 



106- 



T 1 09 



102 



101 



104a 



ROM 



104b 

_L 

ROM 



108 
_J_ 



110 

5 



77T 



103 



1 12a 



112b 



112c 



112d 



104c 

T 

ROM 



104d 
J 
ROM 



[12 ] 



106 — 



102 



;206^ 



R9T 



,201 



202 



203 
110 



111 



'J-fe* htf 



iob: 



-109 



204 

Cleer 
Clock 



207 



205 
_J_ 



206a 
209b 
20Bc 
208d 



103 



33 



-112a 



-{-11 2c 



[13] 



110 

111 

207 
208a 
208b 
208c 
208d 



JUT 



IX i xuzxzx 



-Time 
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[H4] 



JL.109 



106—1 



n 



~~5 
402 



401 



CPU 

Address 



108 



-403 



110 

J__ 



104a 



104b 
J, 
ROM 



7 KP* 



~ r 

103 



J 12a 



112b 



112c 



11 2d 



104c 

V 
ROM 



104d 
■I 

ROM 



[05] 



502 



501 
J- 



106- 



X 5 « 3 102 



T 109 



110 

5 

in 



101 



106 



104a 

5 



ROM 



104b 

J 
ROM 



104c 

J 
ROM 



"T" 

103 



112a 



112b 
112c 



112d 



104d 

ROM 



[06] 



502 



601 

L- 



"T" 

501 



503 



102 



T 109 



110 

5 



101 



CPU 



104a 
J- 



ROM 

108 f t 

I 112a | 
112d 



104b 

5 



104c 



104d 

ROM 



103 



